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Information Scrambling : Rapid spreading of local information over the entire physical system. 
● Many-body quantum systems; complex (chaotic) dynamics
● Entanglement generation
● Universal characteristics

Out-of-time order correlator (OTOC) 

Quantum butterfly effect I:
Bin Yan, L. Cincio, and W. H. Zurek, “Information Scrambling and Loschmidt Echo.” 

Physical Review Letters 124 (16): 160603 (2020).
Quantum butterfly effect II:

Bin Yan, and N. A. Sinitsyn. “Recovery of Damaged Information and the Out-of-Time-Ordered 
Correlators.” Physical Review Letters 125 (4): 040605 (2020).

N. A. Sinitsyn, Bin Yan, “The quantum butterfly non-effect.”
Scientific American, September 2020.
Random unitaries (2-design):

Z. Holmes., A. Arrasmith, Bin Yan, and P. Coles, A. Albrecht and A. Sornborger, “Barren 
Plateaus Preclude Learning Scramblers.” Physical Review Letters (2021), in press; co-first author.

Quantum information/Statistical physics
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Out-of-time order correlator (OTOC) : 



?Lorenz’s story

TIME
Edward Lorenz (1972):  Does the flap 
of a butterfly’s wings in Brazil set off a 
tornado in Texas?

Lorenz butterfly effect

No quantum butterfly effect?
- Quantum chaology

There is quantum butterfly effect
- Loschmidt echo

Berry, M. Quantum chaology, not quantum 
chaos. Phys. Scr. 40, 335 (2006)

Quantum Theory: Concepts and Methods. 
A. Peres (Springer, 2002). 4/14
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Bin Yan, L. Cincio, and W. H. Zurek, Phys. Rev. Lett. 124 (16): 160603 (2020).
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1. Random matrix model
2. Exactly solvable coupled harmonic oscillators
3. Sachdev-Ye-Kitaev (SYK) model

● are all random matrices
● Strong interaction: Gaussian decay
● Weak interaction:  Exponential decay
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Bin Yan, L. Cincio, and W. H. Zurek, Phys. Rev. Lett. 124 (16): 160603 (2020).



? Bradbury’s story

TIME

Ray Bradbury (1955): Science fiction “A sound of thunder”

OTOC is the Bradbury’s butterfly

State evolution through the Bradbury process averaged 
over all random unitaries.

Bin Yan, and N. A. Sinitsyn, Phys. Rev. Lett. 125 (4): 040605 (2020).
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Bradbury butterfly effect



● Alice prepares an a initial state;  Goes through a Bradbury process; Final state ?
● Partial information of Alice’s qubit always comes back:

● Averaged behavior represents the typical behavior.

fluctuation is 
exponentially small
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Physical model : spin-bath

● t1 forward evolution
t2 backward evolution

● Top-left: recovery signal
Top-right: spin echo

● Buttom: classical analog

anti-butterfly effect
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●

●

LANL bi-annual scientific magazine 1663
Cover story : The quantum butterfly effect

LANL Postdoctoral Distinguished Performance Award
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unitary k-design

4-point OTOC detects unitary 2-designs

A scrambler is a unitary evolution U(t) that becomes at least a 2-design

is complex (random) for large times 
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OTOC, random unitary and quantum machine learning



Quantum machine learning cannot effectively learn a scrambling physical process. [1]

Z. Holmes., A. Arrasmith, Bin Yan, at al, arxiv : 2009.14808 (2020). Phys. Rev. Lett. in press;
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Barren plateau



Z. Holmes., A. Arrasmith, Bin Yan, at al, arxiv : 2009.14808 (2020). Phys. Rev. Lett. in press;
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